The huge inter-individual differences in how people age have prompted researchers to examine whether people's own perception of how old they are-their subjective age-could be a better predictor of relevant outcomes than their actual chronological age. Indeed, how old people feel does predict mortality hazards, and health-related measures such as walking speed may account for this association. In the present study, we extended this line of work by investigating whether subjective age also predicts walking speed and running speed in daily life or whether the predictive effects of subjective age for behavior manifest only within a controlled performance situation. We used data from 80 older participants (age range 62-82 years; M = 69.50, SD = 4.47) from the Berlin Aging Study II (BASE-II). Subjective age was assessed by self-report. Walking speed in the laboratory was measured with the Timed Up and Go test, and walking speed and running speed in real life were measured with an accelerometer. Results showed that compared to participants who felt older, those who felt younger than they actually were indeed walked faster in the laboratory, but they did not walk or run faster in real life. These patterns of results held when age, gender, education, BMI, comorbidity, depression, physical activity, and cognition were covaried. We discuss the role of stereotype threat in accounting for these results.
Introduction
Old age is characterized by a high degree of variability between people (Baltes et al. 2006; Nelson and Dannefer 1992) . This has raised the question of whether people's own perception of how old they are-their subjective age-could be a better predictor of relevant outcomes than their chronological age. Indeed, how old people feel does predict mortality hazards (Kotter-Gruehn et al. 2009; Uotinen et al. 2005) , risk of hospitalization (Stephan et al. 2016) , and other health outcomes such as presence of chronic health problems and functional health (Spuling et al. 2013) . Walking speed may operate as a mechanism linking subjective age and health outcomes or disability. Drawing from the seminal disablement process model' (Verbrugge and Jette 1994) , for example, walking speed as a valid and reliable indicator of functional status and health (Middleton et al. 2015) can be understood as an 'impairment,' lying in the causal chain between chronic diseases and disability. Thus, understanding links between subjective age-a psychological construct-and physical functioning like walking speed would present a potentially promising point of departure for psychological interventions aimed at successful aging and longevity and in a second step also at preserving quality of life (Gouveia 1 3 et al. 2017) . Recently, Stephan et al. (2015) reported that younger subjective age was associated with faster walking speed and less pronounced decline in walking speed over time. Similarly, Ihira et al. (2015) showed that feeling physically younger was associated with faster walking speed. Walking speed and changes in walking speed over time have been documented as important markers of functional health and predictors of mortality hazards (Cesari et al. 2005; Studenski et al. 2011) . However, in the existing studies, walking speed was assessed in a laboratory test, in which participants walked a predetermined distance while they were being observed by an experimenter, and their walking speed was measured. Presumably, features of people's daily activities should be even more strongly linked to health because people should be exposed to them on a routine basis. Thus, it is an important open question whether associations between subjective age and walking speed generalize beyond the controlled conditions of the laboratory and can also be found when walking speed in daily life is considered.
In the current study, we first attempted to replicate the findings from Stephan et al. (2015) by making use of a standard laboratory task of walking speed and examining its association with subjective age. We also tested whether associations between subjective age and walking speed hold when we controlled for the same relevant covariates used by Stephan et al. (2015) -age, gender, education, body mass index (BMI), disease burden, depression, physical activity, and cognition, with the exceptions of smoking because data on this variable were only available for half of our sample and race because this variable was not available in our data. One can safely assume that the BASE-II study sample was less ethnically diverse than the samples included in the paper by Stephan et al. (2015) . Second, we attempted to extend earlier work by examining whether subjective age also predicts walking speed in daily life. The paradigm used earlier not only assesses the phenomenon under controlled conditions, but also within a social context with an experimenter present and observing the participants' walking. The experimenter's presence may lead to participants' making age comparisons and experiencing stereotype threat in a physical performance situation in an aging study, thereby possibly amplifying the effects of subjective age (Swift et al. 2012) . We considered associations of subjective age with real-life walking speed as measured with an actibelt accelerometry device at the zero-order level and after controlling for relevant covariates. Because walking in the laboratory test is carried out with the intention to cover a distance quickly, we examined two additional physical performance measures assessed in daily life with the actibelt, running speed, and the average speed within sequences of at least 100 steps.
Methods

Participants and procedure
We used data from a subsample of older participants in the Berlin Aging Study II (BASE-II) for whom walking speed in the laboratory was measured with the Timed Up and Go (TUG) test and in real life with an accelerometer (n = 80, M age = 69.50, 62-82 years; 43.80% women; see Table 1 ). BASE-II is a comprehensive multi-disciplinary study of more than 2,000 younger and older adults (Bertram et al. 2014; Gerstorf et al. 2016) , of which only a subsample was asked to perform the walking speed measures.
Participants completed psychosocial questionnaires at home, in-between two group-based cognitive testing sessions scheduled 1 week apart. The medical examination took place on two days at the campus of the Charité Universitätsmedizin Berlin and included a comprehensive medical history assessment performed by a physician and was supplemented by clinical examinations, additional blood laboratory assessments, and functional tests. At the medical examination, during which the TUG was performed, participants in the second half of BASE-II had the option to take home and wear the accelerometer over seven or more days whenever a device was available. Accelerometers were provided to as many participants as possible; however, there were not enough devices available to collect accelerometer data from everyone. Because accelerometers were provided to participants whenever they were available, participant selection for the accelerometer part of BASE-II happened randomly. Overall, accelerometry was only part of BASE-II for approximately the second half of all BASE-II participants as accelerometer devices were not available earlier. Participants did not receive additional compensation for wearing the accelerometer, but almost all who were asked agreed. Compared to the whole sample, participants in our subsample were older (t(1,904) = − 4.21, p < 0.001) and performed better on the Digit Symbol task (t(1,851) = 3.41, p = 0.001); they did not differ in terms of gender distribution, education, body mass index, comorbidity, and subjective age.
Measures
Laboratory walking speed
The Timed Up and Go test (TUG; Podsiadlo and Richardson 1991) was used to measure participants' walking speed in the laboratory. Participants were asked to rise from a chair 46 cm high with arm rest, walk three meters to a line on the floor, turn around, walk back to the chair, and 1 3 sit down. The time in seconds that participants needed to complete the task was recorded. Although the TUG is not strictly only about walking speed, but requires additional abilities such as leg strength, balance, and coordination, it is highly correlated with pure measures of gait speed (between r = 0.745 and r = 0.816; Freter and Fruchter 2000) and seems to be comparable to pure measures of gait speed in predicting health outcomes (Viccaro et al. 2011) . In completing the TUG, participants were asked to walk at their usual pace. Walking aids were permitted, but none of the participants in our subsample used them.
Real-life walking speed
We assessed walking speed in real life with the 'actibelt,' a belt worn around the waist with an accelerometer in its buckle using a 100 Hz sampling frequency. Earlier reports (Schimpl et al. 2011 ) have documented its utility and accuracy for measuring walking speed in healthy individuals (Motl et al. 2012 ). The device is unobtrusive and located close to a person's center of mass. BASE-II participants wore the actibelt between 3 and 15 days (M = 9.01, SD = 2.01). We used walking speed ('velocity.walking') in meters/second averaged over the step intervals that had been classified as 'walking' according to the actibelt's algorithm over at least two and at most 12 days. The actibelt's algorithm distinguishes between walking and running; thus, walking speed and running speed are also calculated separately. According to information from the actibelt manual, accuracy of the walking speed measurement is high with errors amounting to less than .2 meters/second in 78% of the cases. One study has shown that the actibelt may overestimate walking speed in people with certain chronic diseases such as multiple sclerosis (Motl et al. 2012 ), but the participants in the BASE-II sample did not suffer from such conditions.
Real-life physical performance measures
To account for the assumption that the TUG includes a performance component and that walking within the TUG is carried out with the intention to cover a distance quickly, we examined two additional physical performance measures assessed in daily life with the actibelt; both of which were calculated by the actibelt's algorithm. First, we considered running speed ('velocity.running') in meters/second averaged over the step intervals that had been classified as 'running' according to the actibelt's algorithm over at least two and at most 12 days. Three participants did not run while wearing the actibelt; this was indicated by a value of '0' on the running speed variable. Second, we considered the speed within step sequences of at least 100 steps ('velocity.ratio100Av') averaged over the step intervals that had been classified as 'walking' or 'running' according to the actibelt's algorithm over at least two and at most 12 days.
Subjective age
Participants indicated how old they felt in years. In line with previous research (Rubin and Berntsen 2006;  Stephan et al. (Stephan et al. 2015; Weiss and Lang 2012) and replaced with a score equivalent to the mean plus or minus three standard deviations, respectively; this was necessary for one participant only (Fig. 1 ).
Covariates
Our models control for relevant individual difference characteristics. We based our selection of covariates on variables included in the paper by Stephan and colleagues (2015) . First, we included socio-demographic measures: age, gender, and years of education. Second, depressive symptoms were assessed with the CES-D (Radloff 1977) . Third, morbidity was assessed as part of the medical examination at the Charité University Hospital Berlin (Gerstorf et al. 2015) . Diagnoses were obtained through participant reports, with select diagnoses (e.g., diabetes mellitus) being verified by additional (blood laboratory) tests. Diagnoses were used to compute a morbidity index largely based on the categories of the Charlson index, which is a weighted sum of moderate to severe, mostly chronic physical illnesses, including cardiovascular (e.g., congestive heart failure), cancer (e.g., lymphoma), and metabolic diseases (e.g., diabetes mellitus; Charlson et al. 1987; Meyer et al. 2016 ). Using the available data from the medical assessment, we matched the Charlson index as closely as possible. Fourth, cognition was measured with a unit-weighted composite of performance across five cognitive tests, an n-back task, a letter series accuracy task, a figure analogies task, a digit symbol task, and a practical problems task (Düzel et al. 2016; Mueller et al. 2016 ). In the n-back task, three one-digit numbers (ranging from 0 to 9) were presented sequentially in three cells situated horizontally, which were followed by the next sequence of three digits. This cycle was repeated 30 times. In each cycle, twochoice decisions on whether the current stimulus matches the stimulus shown three steps earlier in the sequence had to be made. Four practice trials including 30 runs were followed by six test trials with 30 runs. Participants made their decision via button-box presses with their left and right index fingers. The letter series accuracy task consisted of 22 items. Each item contained five letters followed by a question mark (e.g., c e g i k?). Items were displayed in the upper half of the screen, and five response alternatives were presented in the lower half. Items followed simple rules such as + 1, − 1, + 2, or + 2 + 1. Participants entered their response by touching one of the five response alternatives. The score was based on the total number of correct responses. Before the test phase, instructions and three practice items were given. The test phase was terminated when participants made three consecutive false responses, when they reached the maximum time limit (6 min), or after they had answered the last item of the test. Items were ordered by difficulty. In the figure analogies task, items followed the format 'A is to B as C is to?'. One figure pair was presented in the upper left part of the screen and an incomplete figure was shown beside. Participants had to apply the same rule that was applied to the complete figure pair by choosing one of the five alternative responses, which were presented in the lower part. Participants entered their response by clicking with the mouse arrow one of the five alternatives. Before the test phase, instructions and three practice items were given. The test phase was terminated when participants made three consecutive false responses, when they reached the maximum time limit (10 min), or after they had answered the last item of the test. Items were ordered by difficulty. The digit symbol task consists of a code box with nine digit-symbol pairs, where each digit is paired with a corresponding symbol, and rows of double boxes, each with a digit in the top box and an empty lower box. Participants are asked to fill in as many corresponding symbols as possible in 90 s. The score indicates the number of correctly filled boxes, with penalty for wrong answers (score = correct-wrong). The practical problems task consists of 12 items depicting everyday problems such as the hours of a bus schedule, instructions for medication, a warranty for a technical appliance, a train map, as well as other forms and tables. For each item, the problems were presented in the upper part of the screen, and five alternative responses were shown in the lower part. Participants responded by clicking with the mouse arrow on one of the five alternatives. A single practice item was provided. The test phase was terminated when participants made three consecutive errors, when they reached the maximum time limit of 10 min, or after they had answered the last item of the test. Items were ordered by difficulty. Scores were converted to z-scores and averaged to yield a cognitive composite score; a higher score indicates better performance. Finally, we included the average number of steps walked each day as a measure of physical activity. Walking falls within the widely used definition of physical activity as 'any bodily movement produced by skeletal muscles that results in energy expenditure' by Caspersen et al. (1985) . Similarly important, physical activity recommendations of the World Health Organization can be met by walking and the number of steps walked (Marshall et al. 2009 ), and steps walked have been shown to be a valid and costeffective measure that is highly correlated with total physical activity (Sylvia et al. 2014) .
Physical activity assessments
Participants were given a short one-on-one tutorial on how to use the accelerometer along with supplementary information to take home. During the instruction phase, the accelerometer was switched on by a trained experimenter, and participants were advised not to switch it off until the last day of their measurement, usually seven days later. Participants were asked to remove the accelerometer only while showering, taking a bath, or swimming.
Statistical analyses
To test our hypothesis that subjective age predicts walking speed in the laboratory and in real life, we used stepwise regression modeling. Predictors were mean-centered and entered into the model in the following order: First, we included subjective age, our main predictor of interest. Following Stephan and colleagues (2015), we ran a second model, adding demographic characteristics, physical health indicators, depressive symptoms, physical activity level, and cognitive performance as covariates.
Results
Laboratory walking speed was unrelated to real-life walking speed (r = 0.13, p = 0.27) and physical performance measures, namely walking speed within sequences of more than 100 steps (r = 0.01, p = 0.95), and running speed (r = − 0.17, p = 0.13). Correlations between all measures are reported in Table 2 . Results of regression analyses examining associations of subjective age with different types of walking speed and physical performance are reported in Table 3 , both with and without adjusting for key covariates.
Subjective age and laboratory walking speed
We first considered the predictive effects of subjective age for walking speed in the laboratory. Indeed, a younger subjective age was related to a faster walking speed on the TUG (b = -0.25, t(78) = − 2.27, p = 0.026). To describe more clearly what this means, we re-calculated the analysis using the difference between actual and subjective age in years: Feeling 8 years younger was associated with an average reduction of approximately half a second in TUG performance (effect size d = − 0.46). When we entered all covariates into the regression model, the association between subjective age and walking speed remained significant (b = − 0.28, t(64) = − 2.45, p = 0.017). In this second model that included subjective age and the covariates, none of the covariates were associated with laboratory walking speed. Given the variability in the number of days that participants wore the actibelt, we conducted follow-up analyses, in which we controlled for the number of days on which participants wore the device; the pattern of results remained the same.
Subjective age and real-life walking speed
The middle panel of Table 3 reports associations of subjective age with walking speed measured in real life. Subjective Fig. 1 Graphical illustration of associations between subjective age and walking speed for a sample of 80 BASE-II participants, using laboratory-based walking speed (left-hand panel A) and real-life walking speed (right-hand panel B). Participants who felt younger than they actually were indeed walked faster in the laboratory, but no associations were found in real life. The figure also highlights the tremendous amount of between-person heterogeneity in those associations. The black line represents the model-implied values age did not predict walking speed in real life (e.g., Model 2: b = 0.06, t(64) = 0.63, p > 0.10). In a conjoint model, a greater number of steps walked per day (b = 0.65, t(64) = 5.77, p < 0.001) was associated with faster walking speed (i.e., more meters per second). In zero-order models, number of steps walked was also associated with walking speed (b = 0.56, t(78) = 6.16, p < 0.001). Again, a followup analysis in which we controlled for the number of days that participants wore the actibelt yielded the same pattern of results.
Subjective age and real-life performance measures
The right-hand panel of Table 3 reports associations of subjective age with real-life performance measures. Again, results revealed that subjective age did not predict running speed (e.g., Model 2: b = − 0.02, t(64) = − 0.02, p > 0.10), but steps walked per day did (b = 0.68, t(64) = 7.17, p < 0.001). Similarly, subjective age did not predict speed within sequences of more than 100 steps (e.g., Model 2: b = 0.02, t(64) = − 0.23, p > 0.10). In Model 2 that included subjective age and all covariates, number of steps walked was associated with speed within sequences of more than 100 steps (b = 0.73, t(64) = 7.83, p < 0.001). Controlling for the number of days on which participants wore the actibelt in a follow-up analysis yielded the same pattern of results.
Discussion
The objective of our study was to examine whether and how subjective age is associated with two types of walking speed, as measured in the laboratory and in real life and with other real-life physical performance measures, while accounting for socio-demographic characteristics, depressed affect, morbidity, physical activity level, and cognitive performance. Our study was particularly well suited to examining these questions because walking speed was assessed in two different contexts. In line with Stephan et al. (2015) , we found that younger subjective age was related to faster walking speed measured in the laboratory. This effect appears to be quite robust because it holds when socio-demographic factors, health, depressive symptoms, physical activity level, and cognitive performance were taken into consideration, even in our relatively small sample. Surprisingly, subjective age was not associated with reallife walking speed. A possible explanation could be that associations between subjective age and walking speed are only activated in a performance situation. Having to complete a timed walking test in front of an experimenter could lead participants to experience age-related stereotype threat (Swift et al. 2012 ) and thus result in slower walking speed the older participants feel. However, in daily life, thoughts related to one's age may not be constantly activated and thus not influence real-life walking speed. This interpretation remains to be tested in future research, for example, by having participants complete a laboratory-based walking test without direct observation by an experimenter, by reducing the impact of stereotype threat in such a performance situation, or by priming participants with the concept of age as they go about their daily lives. This study suggests that the link between subjective age and walking speed or physical performance emerges mostly when greater effort is required, and is amplified when effort and difficulty increase or when there is a performance goal. The TUG is a complex task, which may lead to a stronger activation of subjective age compared to routine tasks in daily life. It is also possible that laboratory speed and real-life walking speed are qualitatively different, a notion supported by these measures' not being correlated. In this study, we were limited to using the aggregated accelerometer measures provided by the company that manufactures the actibelt; raw data were not available. By also examining the association between subjective age and accelerometer measures that may also represent performance-namely running speed and speed within longer step sequences-we attempted to minimize the qualitative differences between TUG and accelerometer measure. However, some qualitative differences may have persisted. Not only is walking speed in real life measured over a longer time period than in the TUG, and previous studies have demonstrated that walking speed is slower when measured over longer compared to shorter durations or distances (Simonsick et al. 2001) . Associations between walking speed measured over longer compared to shorter durations with outcome measures such as cognitive performance are also weaker (Pasma et al. 2014 ). Furthermore, whereas the accelerometer measure in real life may provide a relatively pure measure of walking speed, the TUG conducted in the laboratory also involves coordination and balance skills (getting up from and sitting down on a chair, walking around an obstacle). It remains to be tested whether these skills are differentially associated with subjective age. A measure that presumably allows immediate comparability between laboratory and real life would be walking speed in a situation, in which people are striving to 'perform well' and in which this 'performance' includes both speed and coordinative skills. For example, hurrying to catch a bus on the other side of the road could represent such a situation; it requires speed as well as several coordinative skills.
Taken as a whole, the current study suggests that the link between subjective age and walking speed or mobility performance emerges mostly when greater effort is required, and is amplified when effort and difficulty increase or when there is a performance goal. The TUG is a complex task that may lead to a stronger activation of subjective age compared to activities in daily life. This interpretation remains to be tested in future research because it could shed light on the circumstances under which subjective age affects outcomes relevant to successful aging.
We acknowledge several limitations of our study. First, we only had cross-sectional information and cannot draw inferences regarding temporal ordering or directionality of associations (Lindenberger et al. 2011) . Longitudinal data would allow examination of multidirectional dynamics between walking speed, subjective age, and the covariates. Second, inherent in applying convenience sampling are selection effects at both population and sample levels. The question remains, for example, whether our findings generalize to population segments with more severe health limitations. Third, our sample was relatively small, potentially resulting in limited statistical power. Fourth, we relied on number of steps as a measure of overall physical activity. Although the two are highly correlated, not all activities are encompassed by number of steps; activity intensity is also not reflected (Sylvia et al. 2014 ). Furthermore, the meaning of number of steps may differ by a person's functional status; for example, a frail person may take smaller steps, thus, resulting in a higher number of steps that do not necessarily correspond to covering a longer distance or a higher activity intensity.
Our study confirms prior findings that suggest that how people perceive their own age-as measured by their subjective age-has consequences for their performance in controlled situations. We did not find an association between subjective age and characteristics of behavior (walking speed) across situations in real life. In order to better understand how perceptions about own age affect important real-life outcomes, it will be crucial to identify situations that trigger them.
Conclusion
The main objective of our study was to examine associations of subjective age with laboratory and real-life walking speed and other real-life physical performance indicators, over and above relevant covariates including demographic characteristics, physical health, depressive symptoms, physical activity level, and cognitive functioning. Walking speed in the laboratory was predicted by subjective age, whereas walking speed and running speed in real life were not. Our findings provide additional insight into associations of subjective age and walking speed. Mechanism-oriented designs are needed in future studies to better understand and empirically test possible underlying pathways.
